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Summary  Casting  is  one  of  the  commonly  used  techniques  in  industries  for  the  manufacturing
of metal  products.  Although  sand  is  used  as  a  mould  material  for  casting,  its  permeability
and thermal  conductivity  are  very  low  and  hence  affects  the  microstructure  and  mechanical
properties  of  the  cast  product.  Therefore  using  alternate  material  for  the  mould  may  result  in
better permeability,  heat  transfer  rate  and  thereby  better  properties.  In  the  present  work,  steel
balls are  used  as  mould  material  and  the  effect  of  grain  size  on  the  permeability  of  the  mould
material  is  studied.  Steel  balls  of  different  diameters  namely  0.18  mm,  0.6  mm  and  1  mm  which
are commercially  available  were  used.  From  the  experiments  conducted,  it  is  conﬁrmed  that
coarser steel  balls  showed  more  permeability  and  thereby  can  help  in  easy  escape  of  hot  gases
(from the  molten  metal  and  mould  material)  during  pouring  of  molten  metal  into  the  mould.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
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agnetic  moulding  is  a  new  method  of  moulding,  wherein  steel
alls are  used  instead  of  moulding  sand  and  an  electromagnetic
eld,  surrounding  the  moulding  ﬂask  acts  as  a  binding  agent
Wittmoser,  1975).  This  process  is  similar  to  the  lost  foam  pro-
ess because  the  pattern  used  is  an  expendable  polystyrene
attern.  Once  the  cast  metal  is  solidiﬁed  the  electromagnetic
eld  is  interrupted  so  that  the  steel  balls  would  collapse  by
 This article belongs to the special issue on Engineering and Mate-
ial Sciences.
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tself,  the  part  is  recovered  and  the  steel  balls  could  be  reused  in
he subsequent  castings  (Suganth  Kumar  et  al.,  2008).  Compared
o the  moulding  sand  (mixture  of  sand,  clay  and  water)  used  in
and casting,  this  mould  has  no  moisture  content  to  generate
team  and  vapour,  which  generally  results  in  casting  defects  like
low  holes  and  pores  when  they  are  trapped  in  the  mould  itself
Rajesh  et  al.,  2014).  Also,  the  gaseous  material  in  the  melt
tself and  gases  evolved  due  to  vaporisation  of  polystyrene  pat-
ern may  cause  some  defects.  So  these  gases  must  be  allowed
o escape  to  produce  ﬂawless  casting.  Permeability  is  an  impor-
ant property  of  mould,  which  helps  in  escape  of  evolved  gases
way from  the  mould.  Permeability  is  controlled  by  a  number
f factors  which  include;  size  and  shape  of  the  grains,  compact-
ess density  and  bonding.  The  mould  material  used  for  casting
ust be  porous  enough,  so  as  to  allow  the  gaseous  matter,  to
scape  freely  when  the  molten  metal  is  poured  into  the  mould.
icle under the CC BY-NC-ND license (http://creativecommons.org/
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cInﬂuence  of  steel  shot  size  on  the  permeability  of  mould  
Insufﬁcient  vents  in  the  mould  leads  to  casting  defects  such  as
blow holes  and  pores.  Permeability  is  generally  expressed  in
terms of  Permeability  number  (K)  or  coefﬁcient  of  permeability
(KT).  In  the  present  work,  the  permeability  of  the  mould,  while
using  steel  balls  of  different  size  (0.18  mm,  0.6  mm,  and  1  mm)
as mould  material  is  determined.
Experimental details
Generally  for  cohesion  less  substance  like  steel  balls,  the  per-
meability  (K)  is  found  using  the  constant  head  permeability  test.
This method  has  two  steps  namely  (i)  Preparation  of  the  sam-
ple for  the  test,  (ii)  Finding  the  discharge  through  the  specimen
under a  particular  head  of  water.
The  schematic  diagram  of  the  permeameter  set-up  is  shown
in Fig.  1.  The  complete  set-up  (Fig.  2)  consists  of  a  constant
head tank,  which  is  a  water  reservoir  capable  of  supplying  water
to the  permeameter  under  constant  head.  From  the  permeame-
ter, the  water  ﬂowing  out  is  collected  in  a  graduated  glass  jar.
The permeameter  is  a  mould  of  non-corrodible  material  having
a capacity  of  1000  ml,  with  an  internal  diameter  of  100  ±  0.1  mm
and internal  effective  height  of  127.3  ±  0.1  mm.  Inside  the  per-
meameter,  the  steel  balls  are  placed.  The  permeameter  mould
is ﬁtted  with  a  detachable  base  plate  and  removable  extension
Figure  1  Schematic  diagram  of  the  permeameter  set-up.
Figure  2  Actual  photograph  of  the  complete  permeability
measurement  set-up.
t
t
m
t
a
T
F
t
t
T
i
v
c
f
i
f
R
C
l
p
l
K
w
7
h
o
f
S
I
a445
ounter.  Compaction  of  the  steel  balls  is  done  using  compaction
quipment  having  50  mm  diameter  circular  face,  weight  2.76  kg
nd height  of  fall  310  mm  as  speciﬁed  in  I.S  2720  part  VII  1965.
n top,  there  is  a  drainage  cap  and  blade,  through  which  water
rom the  inlet  valve  goes  inside  the  permeameter.  The  Drainage
ap is  a  porous  disc  of  12  mm  thickness,  having  a  ﬁtting  for  con-
ection  to  water  inlet  or  outlet.  The  Drainage  bade  is  a  bade
ith a  porous  disc,  12  mm  thick  which  has  the  permeability  10
imes, the  expected  permeability  of  the  material  to  be  tested.  A
raduated  glass  cylinder  is  used  to  receive  the  discharge.  Stop
atch is  used  to  note  the  time  and  a  meter  scale,  is  used  to
easure  the  head  differences  and  length  of  specimen.
reparation of specimen for testing
 2.5  kg  sample  (steel  balls)  is  taken  and  placed  in  an  air  tight
ontainer.  The  weight  of  the  empty  permeameter  mould  is
eighed.  After  greasing  the  inside  slightly,  the  permeameter
s clamped,  between  the  compaction  base  plate  and  extension
ollar. Now  this  assembly  is  placed  on  a  solid  base  and  ﬁlled  with
he sample  and  compacted.  After  completion  of  a  compaction,
he collar  and  excess  sample  are  removed.  Then  the  weight  of
ould with  sample  is  found.  The  mould  with  samples  placed  in
he permeameter,  with  drainage  base  and  cap  having  discs  that
re properly  saturated.
est procedure
or  the  constant  head  arrangement,  the  specimen  is  connected
hrough  the  top  inlet  to  the  constant  head  reservoir  and  the  bot-
om outlet  is  opened.  Then  steady  ﬂow  of  water  is  established.
he time  interval  for  a  convenient  quantity  of  ﬂow  (1000  ml)
s collected.  This  is  repeated  for  all  three  samples.  The  ﬂow  is
ery low  at  the  beginning,  gradually  increases  and  then  stands
onstant.  Constant  head  permeability  test  is  generally  suitable
or cohesion  less  soils.  Usually  the  coefﬁcient  of  permeability
s reported  in  cm/sec  at  27 ◦C  for  soil.  A  similar  approach  is
ollowed here.
esult and discussion
oefﬁcient  of  permeability  is  deﬁned  as  the  rate  of  ﬂow  under
aminar  ﬂow  conditions  through  a  unit  cross  sectional  area  of
orous medium  under  unit  hydraulic  gradient.
The coefﬁcient  of  permeability  is  calculated  using  the  fol-
owing  equation:
T = QL
Ath
(cm/s)
here
KT =  coefﬁcient  of  permeability  at  temperature  T  (cm/s)
L =  length  of  specimen  (13  cm),  in  centimeters,
t =  time  for  discharge,  in  seconds
Q =  volume  of  discharge  in  cm3 (assume  1  ml  =  1  cm3)
A =  cross-sectional  area  of  permeameter  (=(D2/4)  =
8.55 Sq  cm,  D  =  inside  diameter  of  the  permeameter  =  10  cm)
 =  hydraulic  head  difference  across  length  L  (in  cm  of  water;
r it  is  equal  to  the  vertical  distance  between  the  constant
unnel head  level  and  the  chamber  overﬂow  level).ample  1  (˚0.18  mm)
n  the  ﬁrst  instance,  steel  ball  size  ˚0.18  mm  is  considered
nd the  coefﬁcient  of  permeability  is  estimated  as  0.0238  cm/s
446  B.A.  Ronald  et  al.
Table  1  Estimation  of  permeability  number  while  using  steel  shots  of  varying  size.
Sample  no.  Parameter  \  Different
sizes  of  steel  ball
Trial  Time
t  (s)
Head
h  (cm)
Hydraulic
gradient  (h/L)
Permeability  number
K  (cm/s)
1 0.18  mm
I  85  81.5  6.269  0.0238
II 90  76  5.846  0.0241
III 98  71  5.461  0.0237
Average  0.0238
2 0.6 mm
I  80  72.5  5.5769  0.0285
II 83  77.5  5.961  0.0257
III 85  82.5  6.346  0.0236
Average 0.0259
3 1 mm
I  93  65.5 5.0384 0.0271
II 88  70.5  5.4230  0.0266
III 84  75.5  5.8076  0.0260
Average  0.0266
Table  2  Co-efﬁcient  of  permeability  values  for  soils  of  different  grain  size.
Soil  Gravel  Coarse  Medium  Fine  Silty  Silt  clay
K,  cm/s 100 100—10−1 10−1—10−2 10
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Sigure  3  Schematic  diagram  showing  more  vacant  regions
etween  grains  for  coarser  steel  balls,  compared  to  ﬁner  steel
alls.
Table  1).  On  comparing  with  standard  available,  co-efﬁcient  of
ermeability  (K)  values  of  sand  from  the  Table  2,  for  ﬁne  steel
hot (˚0.18  mm),  the  value  K  is  approximately  between  ﬁne  and
edium  grain  size  sand.  The  quantity  of  discharge  (Q)  is  taken
s 1000  cm3.
ample  2  (˚0.6  mm)
he  coefﬁcient  of  permeability  of  sample  2  of  steel  ball  size
0.6 mm  is  estimated  as  0.0259  cm/s  as  shown  in  Table  1.  As
e know  increase  in  grain  size  increases  permeability,  sample
 (0.6  mm)  has  higher  permeability  than  sample  1  (˚0.18  mm).
ample  3  (˚1  mm)
he  same  scenario  continues  with  sample  3  of  steel  ball
ize (˚1  mm).  When  the  size  of  the  steel  ball  increases,  the
ermeability  also  proportionally  increases.  The  coefﬁcient  of
ermeability  for  sample  3  is  found  to  be  0.0266  cm/s.
Altogether,  we  infer  that  as  the  size  of  the  steel  ball
ncreases,  the  interstitial  space  also  increases,  and  so  the  per-
eability  also  increases.  On  the  other  hand,  if  ﬁner  steel  balls used  for  preparing  the  mould,  we  may  get  better  compaction
Fig.  3)  and  thereby  better  binding  of  the  mould,  but  it  may
revent  the  hot  gases  from  escaping  and  lead  to  gases  being
ntrapped  in  the  molten  metal  during  solidiﬁcation.  Hence  from
W−2—10−3 10−3—10−4 1  ×  10−5 10−7—10−9
oint  of  view  of  permeability,  it  is  better  to  go  for  a  medium
ize steel  shot,  so  as  to  get  optimum  packing  and  also  fairly
ood space  for  hot  gases  to  escape.
onclusion
rom  the  above  studies,  we  ﬁnd  that  the  mould  made  of  steel
alls has  sufﬁcient  permeability  and  found  that  the  permeability
ncreases  with  increase  in  the  grain  size  of  the  mould  material.
s a  result,  the  gases  evolved  during  casting  have  sufﬁcient
pace to  escape  freely  and  results  in  relatively  defect  free
asting.  However,  if  the  spacing  between  the  balls  increases
eyond  a  particular  level,  it  may  also  lead  to  compromise  on
he integrity  of  the  mould.  Hence  care  needs  to  be  given  while
hoosing  the  ball  size  for  the  mould.
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